Based on a continuous 20-year data base of monthly sampling in Chesapeake Bay and tidal regions of its major tributaries, 1454 phytoplankton taxa have been identified in these waters. They represent a diverse assemblage of species with a dominant diatom flora throughout the year, in addition to large seasonal representation by chlorophytes, cyanobacteria, cryptophytes and dinoflagellates. Included among this flora were 34 potential harmful or toxin producing species. The phytoplankton compositions associated with the seasonal successional patterns are discussed, in addition to characterizing the dominant floral relationships, with comparison to early composition records within the Bay. Several of the present day most common taxa were similar to those reported in sediment cores from the Bay dating to periods prior to European settlement. Comparison with collections made $8 decades ago (1916)(1917)(1918)(1919)(1920)(1921)(1922) within Chesapeake Bay indicated several of the same dominant flora remain dominant today; however, their cell concentrations are now significantly greater along with an increased diversity of species compared with these earlier studies.
I N T R O D U C T I O N
The Chesapeake Bay is the largest estuary in the United States. Located along a north-south orientation ($320 km) of eastern United States, it is a partially mixed estuary with a surface area of 6.5 Â 10 3 km 2 and a mean depth of 8.42 m (Schubel and Pritchard, 1987) . The climate is moderate with an average annual temperature of $14 C and average rainfall of $106-116 cm annually. It possesses dynamic patterns of internal transport that are influenced by the amount of river and coastal waters entering the Bay. Along its north-south axis, salinity ranges between tidal freshwater (salinity <0.5) in its northern sectors and upstream regions of its tidal tributaries to polyhaline (salinity >18) conditions at the entrance of the Bay. Salinity within the Bay will vary vertically with a less saline upper stratum that is separated by an often seasonally strong pycnocline above the higher salinity bottom waters. Pritchard (Pritchard, 1952) indicated that there is a net surface flow seaward out the Bay and a net bottom flow of higher salinity waters entering the Bay. The magnitude of these water movements will vary in response to tidal action, major storm events and other conditions that influence flow within the system. These conditions in turn will influence daily and seasonal changes in the vertical stratification and homogeneity of the water column. The phytoplankton in these waters is represented by an assemblage of freshwater, estuarine and neritic taxa (Marshall, 1980 (Marshall, , 1994 Marshall and Burchardt, 1998 , 2004a .
The earliest records of phytoplankton in Chesapeake Bay come from the analysis of sediment cores (Brush and Davis, 1984; Brush, 1991, 1993; Cooper, 1995a,b) . These studies indicated sparse diatom populations in Chesapeake Bay well before European settlement occurred in this region, e.g. prior to 300 years ago. Changes in diatom populations occurred during the 18 and 19th centuries, which were periods of expanded deforestation of the surrounding region, and increased sedimentation occurring in the Bay. Evidence of increased pollution and an increase in diatom abundance is reported taking place in the 20th century by Cooper and Brush (Cooper and Brush, 1991) . Their results emphasize the transition in diatom composition over the past 2000 years. The major pattern is the increased presence of a plankton flora (e.g. centrales taxa) over benthic species that consisted of mainly pennate diatoms. This was accompanied by decreased diatom diversity and an increase in the centrales : pennales ratio, with centric species becoming more dominant. They note this ratio was 1:3 prior to European settlement and 5:2 in the more recent sediment analysis. Cooper and Brush (Cooper and Brush, 1991) associated this change to increased eutrophication and stress in the benthic community. Their species diversity comparisons (Shannon's H 0 ) show a decrease from 3.8 to 2.3 and 2.5 from two of their cores over this same time period. Since the 18th century, there has been a general relative decline in what were then the more common species. These include Delphinus surirella, Opephora olsenii, Cyclotella striata, Grammatophora macilentah, Navicula abunda, Paralia sulcata and several Achnanthes spp. In contrast, the most abundant taxon increasing in abundance throughout this period was Cyclotella choctawhatcheeana, with this pattern continuing to the present day. Other taxa showing a similar pattern include Thalassionema nitzschioides, Thalassiosira lineata, Thalassiosira proschkinae and Neodelphineis pelagica. Not common in their core samples were many of those diatom genera common today that are lightly silicified (e.g. Rhizosolenia, Leptocylindrus, Cerataulina, Chaetoceros). Brush and Davis (Brush and Davis, 1984) associated these floristic changes with increased eutrophic status and turbidity plus an increased frequency of anoxic events in the deeper Bay channels. They also noted a decline in diatom abundance occurring in more recent sediment that they associate with increased phosphorus loading and a possible shift favoring cyanobacteria development.
The first modern era study of Chesapeake Bay phytoplankton water samples was by Wolfe et al. (Wolfe et al., 1926 , and included seasonal collections from cruises in the Bay between 1916 and 1922. Many of their originally listed taxa have been reclassified (e.g. the more recent nomenclature changes are in parentheses). They reported the dominant species among 99 taxa were Skeletonema costatum, Cerataulina bergonii (Cerataulina pelagica), Rhizosolenia fragilissima (Dactyliosolen fragilissimus), Rhizosolenia stolterfothii (Guinardia striata), several Chaetoceros spp. and the dinoflagellate Prorocentrum micans. Cowles (Cowles, 1930) re-examined these samples in greater detail reporting population maxima during spring and autumn that were dominated by diatoms, with their highest surface abundance from an eastern Bay area at 55. . In contrast, the summer (July, August 1920) diatom abundance along the western Bay was <1.5 Â 10 4 cells L -1
. The most abundant diatom was S. costatum. Common pennate diatoms included Raphoneis amphiceros, Nitzschia sigma, Pleurosigma balticum, with common centric diatoms represented by C. bergonii, Actinoptychus undulatus, Actinoptychus splendens, Leptocylindrus danicus, Thalassiothrix nitzschioides (T. nitzschioides) and Chaetoceros teres. Oceanic forms included Chaetoceros decipiens and Rhizosolenia alata (Proboscia alata). Common dinoflagellates were Ceratium furca, P. micans and Noctiluca miliaris.
Morse (Morse, 1947) identified in a 2-year study of a tidal river in the northern Bay region 141 taxa dominated by diatoms (91) and dinoflagellates (41). The dinoflagellates included C. furca, P. micans and Peridinium triqueta. The dominant diatoms were S. costatum, Asterionella japonica, C. bergonii, Schroederella delicatula, Nitzschia seriata, and T. nitzschioides. Only three cyanobacteria, two chlorophytes and a single euglenophyte were included. Several other composition studies occurred in later years (Griffith, 1961; Patten et al., 1963; Marshall, 1980 Marshall, , 1988 Marshall, , 1991 Marshall, , 1994 Marshall and Lacouture, 1986; Alden, 1990a,b, 1993; Marshall and Burchardt, 1998 , 2004a . These greatly expanded the phytoplankton records for the Bay and its tributaries, including representation of other phylogenetic categories. For instance, Marshall (Marshall, 1994) identified 708 phytoplankton taxa from a 7-year data set (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) of monthly collections in Chesapeake Bay.
These more recent studies indicate Chesapeake Bay phytoplankton is dominated by several diatom assemblages throughout the year, with chlorophytes, cyanobacteria (cyanoprokaryotes), cryptomonads and dinoflagellates having seasonal periods of dominance and development that varies within the different salinity regions of the ecosystem (Marshall and Affronti, 1992; Nesius, 1993, 1996; Burchardt, 1998, 2004b) . These populations are enhanced by species that enter the Chesapeake Bay from both neritic coastal waters and its tributaries. There are also established endemic phytoplankton populations in the various subestuaries and inlets within Chesapeake Bay that contribute to this rich and dynamic flora. The objectives of this presentation are to (i) update the phytoplankton composition in Chesapeake Bay and its tidal tributaries, (ii) identify potential toxic species recorded from these waters and (iii) to make comparisons to earlier records of phytoplankton composition and abundance in Chesapeake Bay.
M E T H O D
This study is based on the analysis of phytoplankton by the authors during the Virginia and Maryland Chesapeake Bay Phytoplankton Monitoring Program conducted in Chesapeake Bay and its tidal rivers from 1984 to 2004. Monthly water samples were taken at established stations, preserved in Lugol's solution and examined under light microscopy for the composition and abundance of taxa (Marshall and Alden, 1990b; Marshall, 1993) . Epifluorescence microscopy, genetic molecular analysis and scanning electron microscopy were also used as further aids in species identification. Previous taxonomic records from other Chesapeake Bay studies by the authors have also been added in this report. Collection sites were located in tidal freshwater (<0.5), oligohaline (0.5-5.0), mesohaline (5.0-18.0) and polyhaline waters (>18.0) (Marshall, 1993) . Field and laboratory methods plus data collected during the Chesapeake Bay Phytoplankton Monitoring program are available at http://www. chesapeakebay.net/ data/index.htm. Data records from other collections are contained in the publications cited in this article.
In recent decades, phytoplankton systematics has undergone numerous changes that include the transferring (and renaming) of various taxa to other existing, or new genera, with even broader taxonomic modifications proposed for other taxa. Although the majority of these changes have been accepted by phycologists, the use of the previous nomenclature for many of these taxa continues to appear in the literature. The reader is alerted that many of these changes have been incorporated in the listing of species provided here and that nomenclature changes will likely continue to occur, as well as other species added to this list. A variety of references emphasizing different phytoplankton categories was used for species identification and include those listed by Marshall (Marshall, 1994) , plus others (Prescott, 1951; Ettle, 1978; Komárek and Anagnostidis, 1986; Anagnostidis and Komárek, 1988; Hindák, 1988; Krammer and Lange-Bertalot, 1991; Tomas, 1997) .
R E S U L T S
A total of 1454 taxa were identified from the Bay and its associated subestuaries and tidal tributaries (Table I) . These include 675 bacillariophyceae, 273 chlorophyceae, 190 dinophyceae, 126 cyanobacteria, 64 euglenophyceae, 39 chrysophyceae, 25 xanthophyceae, 17 coccolithophoridaceae, 18 cryptophyceae, 12 prasinophyceae, 5 raphidophyceae, 5 prymnesiophyceae and 5 dictyochophyceae. The increased representation for many of these categories compared with those reported by Marshall (Marshall, 1994) came from the inclusion of flora from the tidal rivers that contained a greater proportion of chlorophytes, cyanobacteria and euglenophytes than were previously reported in Chesapeake Bay. Increased observations within Chesapeake Bay from a greater sampling base in recent years have also provided the authors additional opportunities to identify phytoplankton taxa in these waters. However, there are many taxa whose taxonomic status have been confusing. For instance, comparable descriptions have been attributed to Cyclotella caspia, C. choctawhatcheeana and Cyclotella hakanssoniae. Håkansson et al. (Håkansson et al., 1993) state that C. choctawhatcheeana and C. caspia are distinct species and that C. hakanssoniae is a synonym of C. choctawhatcheeana.
In comparison with the previously mentioned sediment core records by Brush, 1991, 1993; Cooper, 1995a) , our data indicated the trend for increased abundance of centric diatoms has continued and specifically the dominance of Cyclotella spp. A dominant plankton flora composed of centric species represented one of the most abundant taxonomic groups. Unfortunately, the previous sediment core analysis could only address diatom composition and not other flora. In addition, many of the early phytoplankton studies used methods (e.g. net collections) that limited the populations that were collected, so comparisons regarding these floral results to present representations were very limited. However, since the Bay collections of 1916 -1922 (Wolfe et al., 1926 Cowles, 1930) , S. costatum has remained one of the dominant (e.g. in abundance) diatoms in the Bay. In fact, many of the dominant taxa reported during the period 1916-1922 are taxa presently dominant within the system. Several of the more common dinoflagellates over the past 8 decades have been C. furca and P. micans (with possibly a smaller taxon described at that time being Prorocentrum minimum. There remains a diverse assemblage of pennate diatoms that are predominantly benthic species. In comparison with the surface cell concentrations recorded by Cowles (Cowles, 1930) , the abundance of diatoms during spring and summer periods in Chesapeake Bay have increased dramatically compared to Marshall and Alden (Marshall and Alden, 1993) and present records. Spring surface diatom concentrations often exceed 10 6 cells L -1 compared with the highest counts of 55.8-76.9 Â 10 4 cells L -1 noted by Cowles (Cowles, 1930) . In addition, more recent diatom concentrations during summer also exceed those reported by Cowles (Cowles, 1930) , as reported by Marshall and Alden (Marshall and Alden, 1993) . Similar differences Amphora sp., Amphora cuta Gregory, Amphora angusta Gregory, Amphora arenaria Donkin, Amphora binodis Gregory, Amphora coffeaeformis (Agardh) Kü tzing, Amphora commutata Grunow, Amphora costata W. Smith, Amphora crassa Gregory, Amphora cuneata Cleve, Amphora egregia var. interrupta Peragallo and Peragallo, Amphora exigua Gregory, Amphora gigantea Grunow, Amphora grevilleana var. contracta Cleve, Amphora laevis Gregory, Amphora lineolata Ehrenberg, Amphora luciae Cholnoky, Amphora marina (W. Smith) Van Heurck, Amphora obtusa Gregory, Amphora ostrearia Bré bisson, Amphora ovalis (Kü tzing) Kü tzing, Amphora peragalli Cleve, Amphora proteoides Hustedt, Amphora proteus Gregory, Amphora robusta Gegory, Amphora rhombica Kitton, Amphora sabyii Salah, Amphora spectabilis Gregory, Amphora szaboi Pantocsek, Amphora terroris Ehrenberg, Amphora turgida Gregory, Amphora veneta Kü tzing Glyphodesmis distans (Gregory) Grunow Gomphonema sp., Gomphonema acuminatum Ehrenberg, Gomphonema augur Ehrenberg, Gomphonema constrictum Ehrenberg, Gomphonema exiguum Kü tzing, Gomphonema geminatum (Lyngbye) Agardh, Gomphonema olivaceum (Lyngbye) Kü tzing, Gomphonema sphaerophorum Ehrenberg Grammatophora sp., Grammatophora angulosa Ehrenberg, Grammatophora marina (Lyngbye) Kü tzing, Grammatophora serpentina Ehrenberg (continued) JOURNAL OF PLANKTON RESEARCH j VOLUME 27 j NUMBER 11 j PAGES 1083-1102 j 2005 Table I: continued Gyrosigma sp., Gyrosigma acuminatum (Kü tzing) Rabenhorst, Gyrosigma balticum (Ehrenberg) Rabenhorst, Gyrosigma balticum var. silimis (Grunow) Cleve, Gyrosigma distortum (W. Smith) Cleve, Gyrosigma distortum var. parkeri Harrisson, Gyrosigma fasciola (Ehrenberg) Griffith and Henfrey, Gyrosigma hippocampus (Ehrenberg) Hassall, Gyrosigma macrum (W. Smith) Griffth and Henfrey, Gyrosigma scalproides (Rabenhorst) P.
T. Cleve, Gyrosigma spenceri (Quekett) Griffith and Henfrey, Gyrosigma spenceri var. nodiferum (Grunow) P. T. Cleve, Gyrosigma wansbeckii (Donkin) P. T. Cleve
Hantzchia sp., Hantzchia amphioxys (Ehrenberg) Grunow, Hantzchia marina (Donkin) Grunow, Hantzchia spectabilis (Ehrenberg) Hustedt Licmophora sp., Licmophora abbreviata Agardh, Licmophora flabellata (Carmichael) Agardh, Licmophora gracilis (Ehrenberg) Grunow, Licmophora inflata Mereschkowsky, Licmophora paradoxa (Lyngbye) Agardh, Licmophora paradoxa var. tincta (Agardh) Hustedt, Licmophora tincta Grunow
Lioloma delicatulum Cupp
Mastogloia sp., Mastogloia apiculata W. Smith, Mastogloia braunii Grunow, Mastogloia cocconeiformis Grunow, Mastogloia exigua Lewis, Mastogloia gibbosa Brun, Mastogloia pumila (Cleve and Mö ller) Cleve, Mastogloia rostrata (Wallich) Hustedt, Mastogloia smithii Thwaites
Membraneis challengeri Grunow
Meridion circulare (Greville) Agardh Navicula sp., Navicula abrupta (Gregory) Donkin, Navicula amphipleuroides Hustedt, Navicula annulata Grunow, Navicula apiculata Bré bisson, Navicula arenaria Donkin, Navicula arvensis Hustedt, Navicula atomus (Kü tzing) Grunow, Navicula cancellata Donkin, Navicula caterva Hohn and Hellerman, Navicula cincta (Ehrenberg) Ralfs, Navicula clavata Gregory, Navicula cryptocephala Kü tzing, Navicula cruciculoides Brockmann, Navicula cryptocephala Kü tzing, Navicula cuspidata Kü tzing, Navicula cuspidata var. ambigua (Ehrenberg) Cleve, Navicula delawarensis Grunow, Navicula digitoradiata (Gregory) Ralfs, Navicula directa (W. Smith) Ralfs, Navicula distans (W. Smith) Ralfs, Navicula eidrigeana Carter, Navicula escorialis Simonsen, Navicula forcipata Greville, Navicula gastrum (Ehrenberg) Kü tzing, Navicula gracilis Ehrenberg, Navicula gracilis var. neglecta (Thwaites) Grunow, Navicula granulata J. W. Bailey, Navicula gregaria Donkin, Navicula halophila (Grunow) Cleve, Navicula hanseni Mö ller, Navicula hasta Pantocsek, Navicula hennedyii W. Smith, Navicula humerosa Bré bisson, Navicula laevissima Kü tzing, Navicula longa (Gregory) Ralfs, Navicula lundstroemii Cleve, Navicula lyra Ehrenberg, Navicula maculosa Donkin, Navicula marina Ralfs, Navicula inserata Hustedt, Navicula irrorata Greville, Navicula maculata (Bailey) Edwards, Navicula membranacea Cleve, Navicula northumbrica Donkin, Navicula opima Grunow, Navicula paleralis (Bré bison) W. Smith, Navicula palpebralis Bré bisson, Navicula peregrina (Ehrenberg) Kü tzing, Navicula phyllepa Kü tzing, Navicula placenta Ehrenberg, Navicula placentula (Ehrenberg) Kü tzing, Navicula praetexta Ehrenberg, Navicula producta W. Smith, Navicula pusilla W. Smith, Navicula radiosa Kü tzing, Navicula rhombica Gregory, Navicula rhynchocephala Kü tzing, Navicula salinarum Grunow, Navicula septentrionalis (Grunow) Gran, Navicula sovereignae Hustedt, Navicula spectabilis Gregory, Navicula transitans var. asymmetrica (Cleve) Cleve, Navicula tripunctata (O. F. Mü ller) Bory, Navicula tuscula Ehrenberg, Navicula viridula (Kü tzing) Ehrenberg
Neidium affine (Ehrenberg) Pfitzer
Neodelphineis pelagica Takano Nitzschia sp., Nitzschia acuminata (W. Smith) Grunow, Nitzschia actinastroides (Lemmermann) Van Goor, Nitzschia acicularis W. Smith, Nitzschia amphibia Grunow, Nitzschia angularis W. Smith, Nitzschia angularis var. affinis Grunow, Nitzschia angustata Grunow, Nitzschia apiculata (Gregory) Grunow, Nitzschia bergii A. Cleve-Euler, Nitzschia bilobata W. Smith, Nitzschia bilobata var. minor Grunow, Nitzschia calida Grunow, Nitzschia clausii Hantzsch, Nitzschia compressa (J. W. Bailey) Boyer, Nitzschia constricta (Kü tzing) Ralfs, Nitzschia denticula Grunow, Nitzschia dissipata (Kü tzing) Grunow, Nitzschia distans Gregory, Nitzschia fasciculata (Grunow) Grunow, Nitzschia filiformis (W. Smith) Hustedt, Nitzschia frustulum JOURNAL OF PLANKTON RESEARCH j VOLUME 27 j NUMBER 11 j PAGES 1083-1102 j 2005 Table I: Penium sp.
Pleurocapsa minor Hansgirg
Pleurotaenium sp., Pleurotaenium nodulosum (Bré bisson) DeBary, Pleurotaenium subcoronulatum var. detum (Turner) West and West, Pleurotaenium trabecula Nä geli, Pleurotaenium tridentulum (Wolle) West Spirogyra sp., Spirogyra crassa Kü tzing, Spirogyra tenuissima Kü tzing Spondylosium planum (Wolle) West and West, Spondylosium pygmaeum Rabenhorst (continued) JOURNAL OF PLANKTON RESEARCH j VOLUME 27 j NUMBER 11 j PAGES 1083-1102 j 2005 Table I: were with levels of C. furca in summer reported at 1 Â 10 5-6 cells L -1 by Marshall (Marshall, 1995a) compared with highs indicated by Cowles (Cowles, 1930) . These differences infer increased eutrophic conditions have accompanied these changes allowing increased floral concentrations to occur. These conditions would also be favorable in supporting the increased long-term trends in phytoplankton abundance and biomass within tidal tributaries of Chesapeake Bay, described by Marshall and Burchardt (Marshall and Burchardt, 2004a) .
Seasonal composition and successional patterns
The seasonal succession was often initiated by a winter dinoflagellate bloom (e.g. Heterocapsa rotundata) in the upper oligo-and mesohaline regions of Maryland and Virginia tributaries and the mainstem Bay. The succession continued into spring, with a significant diatom bloom throughout each salinity region. At tidal freshwater river and Bay sites, plus the oligohaline sections of the estuary, the diatom Skeletonema potamos was a major component. The diatom bloom came as early as midwinter and has continued even into late spring, but maximum concentrations were generally attained between March and May. Other diatoms in these regions included Aulacoseira distans, Aulacoseira granulate, C. choctawhatcheeana, Cyclotella meneghiniana, Leptocylindrus minimus and several Thalassiosira spp. Accompanying this spring development were lesser concentrations of chlorophytes, cyanobacteria and cryptomonads, which increased in abundance as the diatom bloom diminished into late spring and early summer. Representative species within these categories were Desmodesmus spp., Scenedesmus spp., Microcystis aeruginosa and Cryptomonas erosa. The spring diatom bloom in the mesohaline and polyhaline regions of the Bay and its tributaries was dominated by S. costatum. Cerataulina pelagica and D. fragilissimus followed, with increasing abundance throughout the Bay by March and April. The common dinoflagellates and bloom producers in these regions were P. minimum, Heterocapsa triquetra and H. rotundata. Blooms of Procentrum minimum, Karlodinium micrum, Cochlodinium polykrikoides, Akashiwo sanguinea and Scrippsiella trochoidea were also common in mid-spring and the summer/autumn months in both the southern tributary regions and Chesapeake Bay (Marshall, 1995a) .
The summer months contained a major successional shift with increased species diversity involving the major algal categories. Although many of the spring dominants continued to be present, their contribution to total algal abundance and biomass diminished. The tidal freshwater and oligohaline regions gained additional representation of chlorophytes and cyanobacteria. Depending on water quality conditions, there was decreased diatom dominance, with many of the cyanobacteria becoming common bloom producers (e.g. Microcystis spp., Oscillatoria spp., Merismopedia spp.). A greater diversity of diatoms was present compared with spring and included Thalassiosira oestrupii var. venrickae, Thalassiosira pseudonana, Actinocyclus normanii and several Cyclotella spp. Several major changes in floral dominance were associated with the higher salinity regions of the estuary. More numerous large-size diatom and dinoflagellate taxa were common, and the abundance of chlorophytes and cyanobacteria greatly diminished. The major exception to this pattern was high concentrations of autotrophic picoplankton composed primarily of cyanobacteria and, to a lesser degree, chlorophytes and others. These cyanobacteria typically produced a single summer maximum (Marshall, 1995b) . Diatoms common during this period included P. alata, G. striata, Guinardia delicatula, Chaetoceros spp., L. minimus, Cylindrotheca closterium, Pseudo-nitzschia spp. and Thalassiosira nordenskioeldii. The dominant summer dinoflagellates were A. sanguinea, P. minimum, P. micans, C. furca, K. micrum and a variety of neritic species introduced to these Bay waters. Several unidentified cryptoperidiniopsoid dinoflagellates were also common throughout the estuary from summer to early autumn. In the northern Bay mesohaline waters, phytoplankton numbers were dominated by small-sized taxa from several different categories. Cyanobacteria densities were seasonally high and were primarily composed of M. aeruginosa and Merismopedia spp., plus several Oscillatoria spp. and other filamentous taxa. Smaller-sized diatoms were prevalent and usually included S. costatum, L. minimus, C. closterium, Thalassiosira spp. and Chaetoceros spp. Dinoflagellates that were summer bloom producers included several Gymnodinium spp., H. rotundata and P. minimum. Other flagellates that were often abundant during the summer months included several Cryptomonas and Pyramimonas taxa.
The degree of summer floral development that continued into autumn varied considerably year to year and was influenced by conditions associated with water flow through the estuary and related residency time for algal development into the autumn months (Marshall and Alden, 1997; Marshall and Burchardt, 1998) . In general, the early autumn (e.g. September) flora continued to mimic the summer composition before yielding to a more diatom dominant assemblage. This later composition was typically composed of many spring bloomers, S. potamos in tidal freshwater/oligohaline regions and S. costatum, L. minimus and C. closterium in the higher saline regions. This was another transitional period where dinoflagellate, cyanobacteria and chlorophyte development decreased into winter. These months represented the lowest concentrations of cyanobacteria, chlorophytes and dinoflagellates, with diatoms continuing as the dominant flora into the spring bloom. Ubiquitous throughout these seasons were the cryptophytes. Their presence and abundance varied seasonally along with other less prominent taxa. Many of these taxa were in low abundance with seasonal expressions of development that were often of short duration and not commonly present in all water samples.
Potential harmful species
Included among the flora in the Chesapeake Bay estuarine complex were 34 species that have previously been identified as harmful or toxin producers (Steidinger, 1993; Cronberg et al., 2003; Fryxell and Hasle, 2003; Moestrup, 2004) . These were the diatoms Amphora coffeaeformis, Pseudo-nitzschia multiseries, Pseudo-nitzschia pseudodelicatissima, Pseudo-nitzschia pungens and Pseudo-nitzschia seriata; the dinoflagellates A. sanguinea, C. polykrikoides, Dinophysis acuminata, Dinophysis acuta, Dinophysis caudata, Dinophysis fortii, Dinophysis norvegica, K. micrum, Pfiesteria piscicida, Pfiesteria shumwayae and P. minimum and the raphidophytes Chattonella verruculosa, Chattonella subsalsa and Heterosigma akashiwo. To date, none of these taxa has been associated with annual toxic events (Marshall, 1996) ; however, P. piscicida was linked to fish deaths and human illness in Maryland estuaries in 1997 by Grattan et al. (Grattan et al., 1998) . The presence alone of these potentially toxic species does not indicate they will produce toxins. Many of these taxa will have physiological strains that vary in their ability to produce toxins and/or the amount of cells necessary to produce toxic levels to fish, etc. (Gordon et al., 2002) . Also included in this list was an assortment of cyanobacteria, mainly present in the tidal fresh and oligohaline regions of the tidal tributaries to Chesapeake Bay. These included both colonial and filamentous taxa with the most common bloom producer M. aeruginosa. The others were Anabaena affinis, Anabaena circinalis, Anabaena flos-aquae, Anabaena recta, Anabaena solitaria, Anabaena spiroides, Aphanizomenon flos-aquae, Aphanizomenon issatschenkoi, Microcystis firma, Microcystis viridis, Planktothrix agardhii, Planktothrix limnetica, Planktothrix limnetica f. acicularis and Snowella lacustris. In addition, Marshall and Burchardt (Marshall and Burchardt, 2004a ) noted significant long-term trends of increased abundance and biomass of cyanobacteria in Virginia tidal estuaries, and a major component was M. aeruginosa with blooms of this taxon common during the summer months. The majority of these potentially toxic species are cosmopolitan with their occurrence associated with favorable environmental conditions for development related to specific ranges of salinity, temperature and increased nutrient availability (Burkholder and Glasgow, 1997) . Their life cycle stages may also include dormant or resting stages, with their appearance in the water column rare, as with Pfiesteria spp., with others as common bloom producers (e.g. C. polykrikoides, P. minimum, Pseudo-nitzschia pungens, M. aeruginosa). The toxic status for several of these species, and others, continues to be under review in an attempt to associate toxin production with a particular taxon and has often resulted in the toxicity of previously considered strains to be reexamined (Li et al., 2003) . Further investigations may certainly modify this list, regarding its expansion, or removal of some taxa as not being a serious toxic threat.
D I S C U S S I O N
The phytoplankton composition and its more abundant seasonal flora are presented with a current listing of phytoplankton taxa within Chesapeake Bay and its tidal estuaries. The pattern of increasing dominance of centric diatoms over pennate diatoms identified in sediment core samples by Cooper and Brush (Cooper and Brush, 1991) is supported by the results of our associated studies. The dominant diatoms throughout the year were small centric species that were also the major components of the seasonal pulses from spring through autumn. The most common taxa within this group were S. costatum, S. potamos, C. choctawhatcheeana, L. minimus and Thalassiosira spp. Those taxa in the Bay water studies between 1918 and 1922 remain the dominant flora in current studies. These were the diatoms S. costatum, C. pelagica, D. fragilissimus and the dinoflagellate P. micans. However, a major difference was the increased concentrations of the phytoplankton (e.g. diatoms, dinoflagellates) compared with those reported 8 decades ago (Cowles, 1930; Marshall, 1988; Marshall and Alden, 1993) . Brush and Davis (Brush and Davis, 1984) refer to sediment core results that show an increased frequency of anoxic events from the pre-European settlement period of this region. These anoxic events occur annually in Chesapeake Bay and have been associated with the water column stratification, lack of reoxygenation of the deeper regions of the Bay and the decomposition of organic detritus from phytoplankton blooms (Officer et al., 1984) . Brush and Davis (Brush and Davis, 1984) also predicted that increased phosphorus loading within the Bay would favor increased cyanobacterial development over diatom growth. We have reported increasing seasonal trends for cyanobacteria abundance and biomass (plus those of several other phytoplankton categories) within Chesapeake Bay and its tidal tributaries (Marshall and Burchardt, 2004a; Marshall and Lane, 2005) . Another association within the changing trophic status of the Bay estuary was the increased recognition of potentially toxic species in these waters. These taxa may enter the Bay through the discharge of ballast water from ships coming from regions where these species occur, or their entry may come directly from freshwater tributaries or neritic waters entering the Bay. Passage from coastal waters to the Bay's subpycnocline waters was the apparent source of an extended bloom of D. acuminata in several northern Bay tributaries in 2002 (Marshall et al., 2002) . The earlier trophic status within the Bay and its tributaries was likely less enriched and not conducive to the survival and development for many of these and other flora, but a changing and enriched trophic condition would favor many of these toxic taxa and their continued presence. Such nutrient changes would also influence the development of other nontoxic flora and contribute to a changing floral composition among the phytoplankton.
In conclusion, the results indicated that a diverse phytoplankton population is present within the Chesapeake Bay estuarine complex that is seasonally dominated by diatoms and contains seasonally mixed assemblages of riverine, estuarine and neritic species. A current and expanded list of phytoplankton flora from Chesapeake Bay and its tidal rivers has been identified listing 1454 taxa (Table I) . Present floral comparisons made to diatoms reported in sediment cores and associated with the pre-European settlement in this region have indicated that the plankton composition of diatoms has continued to change and is dominated by centrales diatoms. Water column composition comparisons to the initial phytoplankton studies in the Bay $80 years ago revealed that phytoplankton diversity and abundance of the dominant flora have greatly increased, and although many of the dominant taxa that predominated at that time are common today, other major categories of flora (e.g. cyanobacteria, dinoflagellates) are also seasonally abundant. These transitions in composition and increased abundance are likely associated with an increased and modified eutrophication status of the Bay and its tributaries.
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